Differences in fruit characteristics (soluble solids content, acidity and fruit weight) and growth properties of fruiting branches in both planted and top-grafted stock for 'Shiranuhi' mandarin [(C. unshiu x C. sinensis) x C. reticulate] trees were determined when fruit was harvested. It was found that fruiting branch length, leaves and soluble solids contents tended to be higher in the planted stock compared with the top-grafted trees. Fruit diameter, fruit weight, stem end protrusion, pulp weight and pulp thickness were larger in the planted than top-grafted stock. However, titratable acidity was higher in the top-grafted than in the planted stock. These results suggest that planted stock should be cultivated as part of crop management for improvement of fruit quality and plant growth in 'Shiranuhi' mandarin trees.
Introduction
The cultivation area of 'Shiranuhi' mandarin has been increased every year because fruit quality was the highest in the citrus fruits of domestic cultivation in Korea. Premium quality fruit in the domestic market has SSC (soluble solids content) above 13.0°Bx, acid content below 1.0% and weight above 250g. 'Shiranuhi' mandarin is also generally known to have higher SSC, acidity and fruit size compared with the general mandarin. It ranges from 12.5~15.8 °Bx for SSC (Matsumoto, 2001) , 0.8~1.2% for acidity and 200~300g for fruit weight (Moon, Ko, Han, Choi, & Kim, 2008) . It also has an oval shaped fruit in which SSC and acidity are highest in the stylar end (Moon & Mizutani, 2002; Moon et al., 2008) , and SSC, acidity and plant growth were highest in the upper part depending on canopy location (Moon et al., 2011) .
However, SSC, acidity and fruit weight play an important role in determining the premium quality of citrus fruit. It is one of the most important cultural practices for fruit thinning (Chikaizumi, (Ikeda, 1990 ) and that harvesting be staggered starting with fruit from the upper part of the canopy (Moon et al., 2011) . Therefore, the growth habit and fruit quality of the 'Shiranuhi' mandarin is easily influenced by environmental factors, cultural practices and rootstocks.
Trifoliate orange is an important rootstock for citrus in Korea, and of several citrus varieties it is the most tolerant to flooding, drought and cold. Therefore, satsuma and 'Shiranuhi' mandarins have been cultivated in Korea through grafting on the rootstock of trifoliate orange. Also, 'Shiranuhi' mandarin has partly been grafted on satsuma mandarin tree such as through top-grafting because fruit was rapidly produced after grafted 3-4 years in the farms. However, the 'Swingle citrumelo' rootstock, a variant of trifoliate orange, has recently been studied for 'Shiranuhi' mandarin scion (Moon et al., 2010) in a push in the domestic citrus industry to increase plant growth and decrease fruit acidity. Tree and fruit growths on the citrus rootstocks have also been evaluated to have different hydraulic conductance (Iwasaki, Fukamachi, Satoh, Nesumi, & Yoshioka, 2011; Syvertsen, 1981) and sap flow rate (Yonemoto et al., 2004) .
To investigate the effect of difference in both planted stock and top-grafting trees on plant growth and fruit quality were evaluated in the 'Shiranuhi' mandarin farms. In this study, we report that differences in SSC, acidity, fruit characteristics and properties of fruiting branches are associated with canopy location in both planted stock and top-grafting of 'Shiranuhi' mandarin tree at harvested time.
Material and Methods

Plant Materials
Planted stocks were obtained from three orchards in Jeju, Korea, in which 9~10-year-old 'Shiranuhi' mandarin [(C. unshiu x C. sinensis) x C. reticulata] trees grafted on trifoliate orange rootstocks were being raised in non-heated plastic houses (Figure 1 ). Top-grafts were obtained from three orchards in Jeju (Korea) in which 9~10-year-old 'Shiranuhi' mandarin [(C. unshiu x C. sinensis) x C. reticulata] trees secondary grafted with satsuma mandarin trees grafted on trifoliate orange rootstocks were being raised in non-heated plastic houses (Figure 1 ). Along the canopy positions (upper, middle, and lower) and branches with attached fruit were sampled from three trees for planted stock and from five trees for top-grafting at each farm (15-40 branches per canopy position) by 270 days after anthesis (DAA), and pooled for each position to analyze branch growth and fruit characteristics. The canopy positions were divided three parts such as upper, middle and lower by Moon et al. (2011) indicated method. The leaf-fruit ratio was 100~120 for experimental orchards in both planted stock and top-grafting trees. However, mean of fruit yield was 24.4kg/tree for planted stock and 21.8kg/tree for top-grafted stock.
Determination of Branch and Fruit Growth Characteristics
Fruiting branch length and base diameter, fruit length and diameter, height and transverse width of stem end protrusion and pulp thickness were measured using a digital veneer caliper (Matsui, Japan).
Fruit Quality Analysis
Juice samples were manually extracted from the fruit by pressing through cheesecloth followed by filtration, and stored at -20°C pending analysis. After thawing to room temperature, juice soluble solids concentration (SSC) was measured using a digital refractometer (PR-1, Atago, Tokyo, Japan), while titratable acidity was determined by titrating 1 mL of juice with 0.1N NaOH to pH 8.1, using phenolphthalein as an indicator. Titratable acidity was converted to a citric acid equivalent.
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Statistical Analysis
Analyses of variance and Duncan's multiple range tests were performed to analyze the data using the SAS program. Differences of p < 0.05 were considered significant. Difference of branch growth by canopy location at tree was expressed as the mean ± standard deviation. Fruiting branch length tended to be longer in the planted stock compared with the top-grafted trees ( Table 1 ). The number of leaves per fruiting branch was also higher in the planted stock than in the top-grafted stock. However, fruiting branch diameter tended to be thicker in the top-grafted than in the planted stock. The difference of fruiting branch length, leaves numbers and diameter in between planted stock and top-grafting trees were probably due to grafting number times and sink strength. Planted stock trees were first grafted on trifoliate orange rootstock. However, top-grafted trees were double grafted with satsuma mandarin that was grafted on trifoliate orange rootstocks. The length, number of leaves and diameter per fruiting branch were also higher in order toward the upper part, middle part and lower part in both planted stock and top-grafted (Table 1) . Similarly, it has been reported that plant growth is highest in the upper part of the canopy (Moon et al., 2011) . However, differences in plant growth are more significantly affected by canopy location than by grafting (Table 1) Moon et al., 2010) . Thus, growth differences of fruiting branches in 'Shiranuhi' mandarin tree may be closely linked to differences in grafting number times, sink strength, hormone balance and canopy position. Tree grow on the citrus rootstocks was higher in order to the 'Rough lemon', 'Swingle citrumelo', trifoliate orange and dwarf 'Hiryu' for different of hydraulic conductance (Iwasaki et al., 2011; Syvertsen, 1981) . Further studies are required to evaluate the connection between branch growth and hydraulic conductance by number of grafting and canopy location.
Results and Discussion
Difference of Branch Growth in both Planted Stock and Top-Grafting Trees
Difference of Fruit Characteristics in both Planted Stock and Top-Grafted Trees
Fruit diameter and height and width of stem end protrusions, fruit weight, pulp weight, pulp thickness and SSC were higher in the planted than in the top-grafted stock at harvest time (Table 2) . Fruit length was similar in the planted and the top-grafted stock. Titratable acidity was lower in the planted stock tree than in the top-grafted tree at harvest time (Table 2 ). However, fruit diameter and length, height and width of stem end protrusions, fruit weight, pulp weight, pulp thickness, SSC and titratable acidity were highest in the upper part at the harvested time in both planted stock and topgrafted trees (Table 2 ). Similar to the findings of Moon et al. (2011) , it was found that these were highest in the upper part of the tree during 'Shiranuhi' mandarin fruit maturation.
Difference among fruit diameter and length, stem end protrusion height and width, fruit weight and pulp weight by three parts were larger in the planted stock tree compared with the top-grafted tree. However, difference in SSC and titratable acidity by three parts were higher in the top-grafted than in the planted stock. The difference of gradient by canopy location of 'Shiranuhi' mandarin trees was probably due to plant growth (Table 1 ) and differences in sink strength because of the number of grafting. Fruit growth has been shown to be closely related to the differential accumulation of photosynthates (Kadoya, 1973) , endogenously applied gibberellins (Coggins Jr. et al., 1960; Kami et al., 1998) and number of seeds per fruit (El-Zeftawi, 1977), fruit load (Chikaizumi et al., 2000) , soil moisture (Moon et al., 2008) , rootstock (Moon et al., 2010) and canopy location (Moon et al., 2011) . Therefore, fruit growth and quality are affected by double grafting on grafted satsuma mandarin trees, such as top-grafting in 'Shiranuhi' mandarin.
Differences of SSC and Acidity
Means of fruit SSC and acidity in both the planted stock and the top-grafted trees were 14.0±0.63°Bx, 0.99±0.14% and 13.3±1.60°Bx, 1.78±0.24%, respectively (Figure 2) . SSC was not significant difference in both the planted stock and the top-grafted trees. However, acidity was significantly higher in the top-grafted compared with the planted stock, by about 1.8 times (Fig. 2) . Acidity is affected by water stress in citrus fruit because of secondary grafting on satsuma mandarin trees. Water stress retarded the reduction in acid content in both 'Shiranuhi' (Moon et al., 2008) Yakushiji et al., 1996) . Likewise, acid content was highest in the upper part in 'Shiranuhi' mandarin (Moon et al., 2011) . Therefore, the top-grafted trees were probably more affected by water stress than the planted stock trees. However, the top-grafted stock retain more acidity and accumulated less sugar than the planted stock in 'Shiranuhi' mandarin trees. Moon et al., (2008) reported that 'Shiranuhi' mandarin retains more acid and accumulate less sugar when exposed to water stress. Tree vigor and fruit acid content were affected by soil management to increase fine roots (Kami et al., 1998; Sugiyama et al., 2003) . Difference of acidity was significantly increased compared to SSC in between planted stock and top-grafting of 'Shiranuhi' mandarin trees. This result suggests that distribution of SSC and acidity at tree became relatively uniform in the planted stock compared with the top-grafted trees. Thus, differences in fruit SSC and acidity were affected by number of grafting in 'Shiranuhi' mandarin, implying that variations in fruit quality attributes within the same tree are more pronounced in the top-grafted than in the planted stock. It would be interesting to study sap flow rate involved plant growth and fruit quality in both the planted stock and the top-grafted trees. The sap flow rate of satsuma mandarin trees was ~ 6 ~ lower when grafted onto 'Hiryu' compared with trifoliate orange during fruit growth (Yonemoto et al., 2004) . Means of fruit SSC and titratable acidity in both planted stock and top-grafted stock on 'Shiranuhi' mandarin fruits. Columns labeled with the same letter are not significantly different at P = 0.05 for differences of grafting. Vertical bars represent standard deviation (planted stock; n=9 trees, top-grafting; n=15 trees) from which all fruit per tree were selected for each determination In this experiment, SSC and fruit weight were observed as generally high and acidity as low in the planted stock compared with the top-grafted stock ( Figure 2 and Table 2 ). The premium quality a a a b
